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Metallurgy has had a long history in our country. Our ancestors made
outstanding contributions in this field toward the civilization of mankind
since time immemorial. However, because the feudal system lasted in our
country for more than two thousand years, production did not move forward,
and, as a consequence, ancient science and technology were not developed
to the extent possible. During the last hundred years, our country was
left even farther behind because of imperialistic oppression.

After New China was established, under the correct leadership of the
Party, in line with the policy of developing basic industries, learning
from the advanced experience of the Soviet Union, and getting assistance
from the Soviet Union and other brother countries, we established our own
metallurgical industry. In ten years, steel production has been raised
from the 158,000 metric tons in 1949 to 12,000,000 tons this year, and
the nonferrous metal industry has been developed to sizable provortions
from a very weak base. The work in metallurgical science and technology
has been primarily oriented around raising production and meeting the needs
of rapid progress in industrial construction. The prozress and achieve-
ments in our country's metallurgical science and technologzy during the
last ten years are discussed below from different approaches.

A. Coordinated Utilization of Resources

To meet the needs for constructing a new iron and steel base, we o
have made invastigations on a certain type of iron ore containing fluorine. *-—]a—--
This type of iron ore contains rare earth minerals and flourite. The )

deposits in question have many special characteristics with regard to a
geological structure, origin of ore bodies, and composition of minerals. g
Jorkers engaged in ore beneficiation established three types of flow- = ... .. —
sheets to solve the milling problsms. The methods are magnetic separa- T
tion combined with flotation, roasting followed by magnetic separation in =
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combination with flotation, and reverse flotation. In each process, the
iron concentrate made contains 60% Fe or better, recovery is more than
809, and fluorine content is reduced to about 1. Thus, smelting speci-
fications ars met,

The smelting of fluorine-bearing iron ore is a new technique in
metallurgical practice. Therefore, a whole series of metallurgical tests
must be made in large industrial scale blast furnaces. Blast furnace
tests indicate that most of the fluorine in the ore enters into the slag
with the effect of reducing the viscosity and melting point of the slag;
thus, a highly basic slag is permissible in blast furnace operations on
this t-n= of ore. e discoversd that the presence of fluorine has little
effect on the distribution of sulfur in the slag and iron melt. By
raising the basicity of the slaz under appropriate smelting conditions,
the sulfur in the pig iron produced can be cut down greatly while main-
taining smooth blast furnace operations.

Investigations on the corrosion affect on refractory materials of
blast furnaces by fluorine-containing furnace gases and fluorins-containing
slag show that the bzhavior of flourine materials is rather complicated
during blast furnace operations. ™hen the temperature in tha blast fur-
nace drops to the vicinity of 1,000°C, the fluorite in the iron ore de-
composes markedly to form HF which rises through the charge with the fur-
nace gases; on ascending, part of the HF is than adsorbed by the rela-
tively cool lime or limestone and follows the charge down again. When
the iron ore and other fluorine-containing furnace charge materials da-
scend to the slag forming zone, the fluorine materials first enter the
melt and, then when the temperature rises, escape with other materials
formed and once more ascend with the blast furnace gases upward through
the charge. It is thus seen that the corrosicn effect of fluorine ma-
terials on the hlast furnace linings varies with the different positions
in elevation. %hen the HF content of the furnace gases is less than
0.1% and when the temperature is between S00 and 900°C, the corrosion
affect of fluorine materials on alumina-silicate rafractoriaes is very
small. The rata of corrosion of fluorine-bearing molten slag on refrac-
tory linings is related according to an index formula with the rise in
temparature; however, for molten slag containing less than 10% fluorine,
thz high2r the alumina contant of the refractory the less the dissolving
or corrosion affect. Corrosion by CaF, on various grades of high-alumina
brick starts to become severs when the temperaturs exceeds 1,200°C. %x-
periments in large size blast furnaces indicate that even high-alumina
brick cannot prevent corrosion by fluorine-containing molten slag and
therafore carbon brick must instead be used.




In the investigations on coordinatad utilization of fluorine-bearing
iron ores, mathods have also been deviged with regard to processes and
techniquas to axtract or recovir rare earth alloys from tailings and
blast furnaco slag. The question of ssparating various rare earth 3sle-
ments has also been studiad.

In treating oxids conper in copper-bzaring iron ors, the fluidized
bad-sulfate roast-hydromastallurgical method is used; the copper in the
final solution is precipitated by iron and over-all copper recovery is
more than 80%, Anoth:r method is the chloridizad roast so as to cause
th2 volatization of copper; 90% of the copper can be volatilad; howevar,
tha solidification and recovery copper chloride on an industrial scale
must s8till be further investigated.

Our country's vanadium and titanium-bezring iron oras are very ex-
tensiva, The rational utilization of certain types of vanadium and
titanium-bearing iron ores has alrcady been solved. Investigations are
now bzing made on other types of vanadium-titanium-iron rcesources.

To enable mora economic and rational utilization of lzan iron ores,
investigations ars bcing made in our country on a special roasting fur-
naca 3mbodying the combined principle of conducting heat in the dilute
phase and causing reaction in tha concentrated phase. Preliminary
studics show that for 357 Fe hematitz iron ore from Anshan proc2ssed by
the above discribed magnatizing roasting method, a magnetic separation
conceg}rate analyzing 65% ¥z can be producad at an iron recovery rate
of 907,

To solve the problem of ores containing relatively high and vari-
able quantities ~f plosphorus, our country start:d to develop ths technique
of usi..g tha si?> bl-wr. basic convzrtar to smelt steel soon after the
libarowion., &35 & racul’ of sevaral years of experience, we hava made
many izprcvamects octii in the structure and in the operations of the
convzrier. Pig iron containing 0.2-1.67% phosnhorus can bz procassed into
steai that mests soccifications.

I

_ In the fisld of refractory matzrials, high alumina brick is being
uszd to an increasing axtent because of the existence of extensive re-
sourcas of aluminous materials. When high alumina brick is used for the
tops of clectric furnacss, it lasts several times longer than silica
brick. We havs drawn many conclusions from our investigations on the
manufactura of high alumina brick. Tha burning togesthar of tha aluminous
materials to mak: refractory brick is intimately related to the A1203
content and the Alp03/3i0» ratio, and the amount of secondary Mo-lai
gtonz formed has a dafinite effect on the sintering reaction., The exist-
ence of small quantities of iron and titanium oxides accelerates the
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burning together of the aluminous materials; tha temperature needed to
maka the refractory brick 1s lowar whan the aluminous materials are in
fina or brokan form. Another achicvement with regard to refractory ma-
torinls is th2 us3 of alumin2-magnesia brick in place of chroms-magnesia
brick; this substitution helps to r2li:ve the prasent shortage of chrome
oras in our country. Through the uss of alumina-magnssiz brick, ths
furnice top linings of the stationary top medium-siz: open hearth fur-
nace lastad as much as 623 haats and th: furnac:s top linings of tha
"inclinad moving® /Suspanded arch?/ top large size open hearth furnace
lastad as much as 520 h:ats; thus,, the affectiviness of alumini-magnesia
brick 3onroaches that of chrom2-magnzsia brick. In ord:r to stabilize
and imorov: th: quality of alumvna-maznzsia brick, we have systematically
studiad various techniques and constitucznts as affacting tha character-
istics of the alumina-mammssia brick. We investigatad ths effact of
adding spinsl, the comnosition and changes of the alumina-magnesia brick
during us=2, and the main causas for the corrosion of tha brick. From

all thesas investigations, we determined thes rational technique for making
suitable alumina-magn2sia bricks.

In the fizld of nonferrous metals, w2 usad to recover only coppoar,
laad, and zinc from complex sulfidz ores containing coppaer, lead, zinc,
iron, ctc., whil: ignoring othar recovarabl: values. Tha approach has

22n difforont sinca th: liboration. ™2 strengthenad analytical work,
improvad operational flowshz2ts, and made careful invastigations on
proc:ssinz various typas of primary and waste materials, including crude
orz, tailings, mine dumps, flu: dust, furnace slag, slimes, intermcdiate
products, rejected solutions, and rzturn solutions. This work has enablad
us to produc: greater quantities and varistiss of rare motals. We paid
particular attention to oro type and co-cxisting mincrals, adopted many
coordinated beneficiation methods, establishad flowshe:ts combining
milling with hydrometallurgy, solvad problems of many complicated min-
2rals from a vicwpoint of an integratad asproach toward rocovering all
th: usz2ful valuss, and, at the same timz2, wrre abla to improve the re-
covary of th2 ma2tals previously oxtractad. For exampl:, from tungsten
or2s, w3 are racov:iring molybdenita, bismuthinit:, chalcopyritz, cassiter-
ite, schaelite, pyrite, and other useful constituents. Similarly from
tin orecs w2 ar: recovaring l:2a”, coppar, tungstcen, iron, zinc and oth:r
m2tals, Fair success has 3lso b2en achiovad in othar ficlds, and ws are
continuing investigations on the integrated aoproach for recovering all
us2ful valurs, With ra2gard to smelting and refining, we can say that
from smelting and refining of copnzr, lszad, zinc, and tin alone, eighteen
us2ful matarials ar2 bring racovared at prisent.

In th: fizld of sm2lting and rafining of light metals, it was noces-
sary to find new proc:ssing methods to trecat the types of aluminous ores
found in our country, which belong to the hard-to-dissolve category
(mostly diasporic) with silica content as high as 17%4. As a result of
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investigations, w3 finally dz2cidzd to adopt the chain-connectzd combina-
tion m2thod to process th2 aluminous oras. The method involves the use
of concantratad caustic solution vlus limz 2s accelorating roagints,
dissolving on the principl: of th3 Bayer Proc:ss but at 26 atmospheric
nrassurzs, and procassing th: rasidus by sintering; 2 959 alumina ro-
covary has b2an achicvad by this mathod., The rason why sintering is

an important step in treating high silica raw mat:rials is.that ths low
solubility calcium silicatz formed by the limiston: atd silica in the
aluminous ors is utilized to avoid th2.large losses 6f soda and alumina
which normally rosult from tha conventional Baysr Procebs as applicd to
nigh silica 3luminous ores. Howover, the calecium silicate, aftar the
cook:d materiil is dissolved out, can hav: a sacondary reaction with the
sodium 2luminate solution to cause loss2s in alumina 2nd sodium oxid..
Therefors, w2 invastigated the problem of how to minimize or pravent

th: sacondary reaction mentioned abova, W3 found that th: main product
or derivativs from the sacondary reoaction is hydrated garnat, which has
the formula 3C20.41503.n5iCs(6-2n)Ho"; in addition, some sodium aluminum
silicata (M290.41503.7Si05.nFx0) is formed. When the concentration of
the dissolvad solution with respect to sodium hydroxidsz and sodium car-
bonate ion content is raducad, th: red mud particlas have a t:nduncy to
coagulate so 2s to c2us2 an increasc in precipitatc volume and slow down
s2condary r2action. The abovae oxpiriments show that when thz cookzd
matarial is dissolved out in two parts and the caustic soda ration in
th> sodium aluminate solution is rcducad to about 1.25, a sccondary ro-
action is almost stoppizd. Calculating on th2 basis of th: residu:
finally rzj2ctod, the nat amount dissolv>d rzaches §92-937,

R.  Strangthening Operational Procadures to Rais> Production

Th: accomplishments resulting from strengthening ferrous and fir-
roz2lloy motalluryy are clearly shown in the steady rise of utilization
co2fficiznts for blast furnaces, op:n hzarth furnaces, and zlzctric
furnacas.

During 1951, th2 national avarage utiliz tion coafficiont for medium
and largz siza blast furnacaes was 1.608; by 1953 the figurz had risen to
1.437, and for some advancad units such as the Pen-hsi Iron and Stsal
Company bliast furnaces tha utilization coafficicnt was maintained at
above 2.1 for the whol: fourth quarter of 1958, and was raisad to above
2.4l in May of 1959. Tha technical mzasures to strengthen blast furnace
sm2lting warz gencrally along thasc lines: improve the priparation of
the raw materials, including evan mixing of ths charge, charging or
loading according to material siz:, making of ball-shaped pellets, in-
troducing s:1f-agglomerating sinterad ore, ete.; employ the top of the
furnac:z for regulatory purposas; introduce the system of using more
draft and 2t highor tomperaturass; moisten th2 air blown in to a greater
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axtent; adopt high prassure techniquas; and improv: thz slag formation
systoms. Howzaver, the main rseson why our country's blast furnace hava
boan abl2 to achi:v: outstanding risults is that we have mastiarzd the
tchniguces relatxd to th: abov: doscribed miasures. ™2 darad to raisc
th: draft tomperaturc and volumz and inerc~s: the smelting intonsity;

w2 also mads improv:mants along all othar lines; as a risult, bl-st
furnacz operations have bzaen vary smooth and th2 cokz consumption ratio
has bezn rzducid. Results prova that we have taken ths correct approach
toward raisiig out-ut in blast furnacces., At the present time, our
country's high production blast furnac:s, such as Pz2n-hsi, Anshan, Tai-
vuen, 2tc., 2r2 2ll ~mploying 2 wind or draft tempir2tur: of about 1,000°C‘

Past oxoeriinc: hos sho'm that whan graatsr quantitics of air arc
introduced to normally oparating blast furmaces, an ovarblown phenomanon
oft:n re>sults so that steady op:irations are disrupted, chargss might be-
com2 susp3ndad, and furnac: abnormal growths might occur. Raising the

amp2rature of th: dry 2ir might causz th: combustion zone to bacome
smill:r and the slag formation zone to be lowzrad with tha rosult that
stoady opzrations might also bz disrupted. At the sama tim2., th> coke
consumption ratio might risz when the smelting int:nsity is incr:zisod.
For th2 riasons dascribad abov:, thirc ars definite limit~tions in the
int nsity of smclting for blast furnacas, which was, in the past, 1.1
for 1lirg: blast furnices and 1.2 for small blast furnaces. Prior to
1957, th: conditions for przparing the charge and the techniques relatzd
to blast furnacs smelting in our country wer:s affiected by the above
describzd limitations. 1In th2 great leap forward of 1958, our country's
blist furnac: work:rs mndz furthoer improvements on preparing the raw
mat.rials for blast furnace oparations accordingz to the principlc of
incr21s2 of air must corraspond with zase of 2ir passage in the charge;
w: w2r: 3blz to incroase the smelting intensity while maintaining suc-
c2ssful normal opzerations. In actual practics, after the smelting in-
t:nsity is raisad to 2 new lav:l., we thon look for conditions that make
for th: lowzst cokz consumption. In this manncr smalting intiensity can
bz steadily raised, and, whan conditions are right, coke consumption can
be low:crad. For cxample, thz Pen-hsi blast furnac:s had th: smolting
int:nsity gradually raisad from 1.013 in 1957 to l.4-.15 in 1952 (the
furnacz utilization coxfficisnt was raised 33.8%); noncth2less, the coke
ratio was raduc:d 10.8%. Again for example, the Taiyuan blenst furnacas
had the smalting intinsity gradually raised from 1,003 in 1957 to 1,201
in 1958 (tha furnace utilization coaffici:nt was raised 33.87); non:the-
l:ss, the cokz consumntion ratio was lowarzd 15.77%.

Ths >xp2riinc: on blast furnacs oparations since the 1lzap forward
shows that 2s th: sm2lting int:nsity is raiscd the air velocity was also
incrias:d. Howev-r, whan the draft is too rapid and intens:z, 2 bad
distribution of coal gas will result; it is nacessary to regulate the
gas in th: top and bottom parts of th2 blsast furnace vary carcofully to
assur: cfficient smelting, At the Pan-hsi Iron Sm:lting Plant, by
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incr:asing the diwmetzr of th: air opening or tuyerc, which had the
off2ct of r:ducing thz spe2d of the inflow of air so that the coal gas
distribution becam: mor: sven in the furnacz, thz smolting intonsity
g prisad from 1.339 to 1.5Lf. For 2 blest furnic: of th: Taiyurn
Tron ~nd St:2l Compiny, through raducing th: weight of 2ach chargze,
changing th> loading syst:ms for th: charg: in ord:r to raogulatc the
air circulation in th2 cornar parts, and gradually adding mor: s:21f-
agglomerating sintered or:, the smelting intonsity has beaen raisad to
mor> than 1.4. ™hil: increasing the temperature of th: dry »ir, the
volum: of cok:2 can b: corr:spondingly increas2d to holp absorb the ad-
ditional ha-~t brought into th: furnocc: by the hot air. %xp:ri:nc: has
shovn that thc maasurss doscribad not only improv: blast furnace opora-
tions but also will ra2ducz tha cok: consumption ratio.

Tith r:zard to ste:l r:fining, ths national avuirage utilization
cozfficicnt his been raisad from L.6 in 1952 to 7.81 in 1958; for the
advancad Shang-kang san-ch'2ng /Shanzhai Iron and St2:2l Comp-ny Yo. 3
Plant?/, tho utilization cozffici:nt of the open~hiarth furnsces raached
as high as 13.0. The national aviragzz utiliz-tion co2fficiont for cold-
charged >l2ctric furnacas was 6,67 in 1952, 17 in 1957, and 22.6 in 1958;
for th: advancad Dairan St20l Plant, this co:fficiznt as mor: than 30,
Measuras to incr:as: production in opan h2arth and clectric furnace
op:rations h~vc bcan 2lonz the linis desceribed bolow:

1. Raduction in th> time of stoppaz:z of furnzcecs 2nd an incrzase
in tho oparation»l rat: -~ Chromz-alumina bricks or Masnasia-alumin=e
bricks, which 2r: boasic refractoris, arz usad for th2 tops of th2 op:n
hiarth furniccs., Th» watzr-coolad parts havz b2:n changed to the st2ame
coolod system., Thick lay2rs of charg: are amplov:d. Tho shaat iron
fused furnac: bottom systom is usad. "2 have l2arned the fusad furnace
bottom mathod from tho Soviezt Union and belicve the method has tha fol-
lowing dafinite advintajes: (a) FaC can, under relatively low tomp:ra-
tures nd within 2 short time p:riod, complotely m2lt into ¥gO 2nd form
a continuous solid molten body so that mign:sium sand grains grow in
sizz 3Ind air oponings ar: fillad; and (b) under oxidiz:d conditions the
mognosium ferrite formed a2lso h:lps to davelop tho Mz0 grains so as to
further s321 up the air opunings. ™ith regard to clectric furnaces,
th: principil m2asures to riduce stoppasze timz are the usz of high
alumina brick for th: furnace tops and tho holding in rescrve of ad-
ditional furn-c: bodi s,

2. Installation and loading of furnace -- Changes have beon made
in th: furnac2 body and in tho auxiliary facilitiz:s of thc open hoearth
furnaces. Th2 furnz2c2 top is rais:d, th: furnacc bottom is made thinn:r,
the ascanding route is 2nlars:d, the chimn:y is mnde higher, the hoist-
ing system is str:ngthanod, and ths containers for holding the stoel
arz riised in heizht. In addition, wa adopt:d the two-stream or throe-
straam molten st>21 dischargs systam, which lightons the load of the
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hoisting systam, At thz pres:nt timz, ocur country's 15 squars meter
furni¢s bottom small open hearth fumacss c¢in take a charge of 60
metric tons, wher:is 9445 squ~ry meter furnacz bottom larg: opzn

n2arth farnntes c4n toks 2 charge of 662 tons. Witk roonrd to lsctric
furnic: instrllatioh and londing problams, we first look:d into how to
mike bost us: of the latant capaclty of th: transform:rs; by using
mor> durabl: transform:r oil, we warz 2bl:> to improv: transformer peor-
formanc: by 30%. Sccond, after »n -loctric furnac:z is charzad, it
bocomes difficult to rais: th: tomp:rature of the malting or smaelting
zon>; bv bloring in oxygen. th2 temporatur: of this zon2 can b2 raiscd.

3. R:duction in th: sm2ltin= tim:z -- To n2chi2v: this objzctiv: in
open hirrth furnac: op:rations, w: incrzas:d th2 heat and raduc:d the
boiling tim:; for ordinary st:2ls, =r2 also :2liminnt2d the przliminry
stop of oxyz:n ramoval, 1In el>ctric furn-c: op-rations, th: most im-
portant stan tak:n to cut down on sm:ltinz tim: was the addition of
oxyg:n during th> »orocass of stc2l ro>fininz., Smeltirg time can bo ro-
ducced by 15-20 minutes whan pur: oxyzen is blom in; it can b: cut by
h21f 3 hour wh'n 2 coil gas oxysg:n mixturz is blom in. “hon larg:
quantitiss of oxy:ieon =r: us:d to freilitate smelting, phosphorus can
b: riumovad faster ~nd the purifyinz and boiling poriod can be graatly
shortzneod., By using cirbids slag that has beon dircctly roduced or
carbid: slag that first underwent oxyion r:moval through addition of
silicon ming2n:s2 alloys to got rid of oxygen in th: stecl, the roducing

2riod of th: >lectric furnace can be cut down to 50 minutas or loss,
Th: 1bove describad ri:sults of resazrch hav: already boen widely ap-
pli:d in our country's clactric steel operations; these practiczs have
b2en important in raising 2lectric st:zl output.

li. Adoption of new tachniqu:s -~ In addition to a~plying for:ign
combination ste2l sm2lting #and rofining techniques, such as th2 combina-
tion opan haarth-clzctric furnace method =nd tha z21leetric furnace-
>lectric furnac: method, we are 1lso invastigating th: combination
tochnique of using tha convirtar togothor with the clactric furnace.

Cur 2xneriments show that whan converter stz:l is processod with olec-
tric stz221 and slag, th2 nitrog:n and hydroz:n content of th: product
ar:z lo7 and oth r imouritizs ~rie not much diffarant from thos>» found

in thz singl> proc:ss :lectric furnac» stzel. The converter-:@laectiric
furnac: combination m:thod of r2fining stz22l s=2oms to have a bright
fatur: from th» viowpoint of incrcasing tha nroduction of cartain good
qurlity stz2:1e. Continuous ingot casting improves the utilization rate
of th: stz2l ingots. In racoent y:ars some st:2l plants and riszarch
orginizitions in our country hav: stort:d to make investigotions 2long
these linzs; they hav: doviloped v-rtical continuous inzot cisting
machinz: as larze 7s 210x210 mm in cross scction that has a drawing spoad
of 0,5-5,0 moters per minute, and they have mad: othor studizs on ingot
casting taechniques. Bacaus: 2 vartical typ> continuous ingot casting
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plant requires relatively lorg: capital investments . 2xporiments were
also don2 on horizont~l and inclinz2d typ:s of continuous casting ma-
chin:s. A inclin:d mrchin: of 30° with 2 cross saction of 100x100
—m has prov:n satisfrctory in tha zxp rimenta2l staze ~nd nroparations
ar: boing mad: to try it out on °n industri-~l sc:1l..

In th> field of rollad st2cl, blooming is by th.» doubl: ingot
syst:m with 2nlarged capacitios 2nd improvoments in bloom pass d.sign
arz basxd upon th: principl: of reducing th: numb:r of pisses in form-
ing st::1 shapes; the chanz2s made have resultad in steady incroeascs
in ciprcitizs =»s comporad with the origin~l rated capacitices, produc-
tion rit2s 3t »rosant being two to five timas those of 1949 for the
sams typs of 2quipmant. In the p2st our courtry used th: par-ll:l-
lin2d rolling mill systcm to mak2 round ste:zl And wire m~torinls of 12
mm or sm~1l:r; only th2 regular plates ware us:d and the dirscting of
21liptical-sh2p2d rollad m2torial into squar: or round openings hid to
b> donc by hand with long tongs. Tn 1958 2 ¢ rtain plant dev.lopad =
simplz 2nd light plate structur: and improv:d th: guid: pl-tes whore
th> roll:d stz2l >nters. “von 6.5 mm wire natorisls can be directed
into th2 »pmmings with this kind of »l-t: and mny strinzs c2n b> m~do
simultancously. Prior to this, th: tendcncy to mak2 wire mills is to
mk: tham work continuously; howzver, th2 continuous type of mill is
hizavy, r2quir:s larg: 2l:ctric motor units, 2nd involves copital in-
vistments s2v:ral times those of pirall:l-lin:d rolling mills., Th=
d>v:ilopmant of the abov: d:scrib2d plit: will promot: the us: of the
pir2ll:l-lined rolling mill systom.

In the fi>ld of motel mining, imorovem:nts have been mad: in ox-
traction methods, in applying new types of cquipment and foeilitics,
in blasting tcchniques, in excavation of shafts and tunn:ls, 2nd in
over-211 mining :ffici:ncy. In und.rzround mining, productivity in
1953 was 2bout three times greater than in 1952. In =ddition, working
conditions in minzs h2ve been zr2atly improvad.

R:naficiation and smaliing and rofininz of nonforrous matals have
bean greatly strongthened, as indicated in the risce in recovery rates
as w:1ll 2s other tochnical and cconomic cost indiezs. To achizve this
ov:r-all objezctivz, tha work in recont years has bean along thes: zon-
er2l lingss:

(2) Advanced techniqu:s hav: b:en disseminated -- In th: fi:ld
of or:-drassing, by usine grinding and milling in m2ny sactions, tin
rzcov:ry has bacn raised 5%; and by using hcavy-medina scparation, large
quantitics of associzated m2tals found in tungston 2and tin ores have
bacn recovered. In th: fiz2ld of sm2lting and rofining, fluosolid roast-
ing and hydromstallurgy (including dissolvine nd extraction at high
prissur2s, inorganic oxtraction, usc of ion axchange mathods, atec.) have
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b2>n wid2ly 2poli.d. For oxmpl:, difficult-to-mill coop:r oxide or:
contining hith iron in finu particl:s is tr:2t>d by sulfatc roasting
~nd k=irom:tallursy “rith the ri:cov-rv of 967 of th2 copp.r. Ar2in for
T2, 2 copmir axidr ore containing hish copp:r "nd migncsium is

#3 -:st>d in wrioniur solutions und:r hizh or:ssur: vith th2 r.covery
of 857 of th: coppoar.

SAr e

(b) V= tvpas of :>quiomant h-v: be:n used -- ™ith rzgird to or:
b-n:ficiation :zquipm:nt, the following r2 uscd to n incr2asing ox-
t'nt: hydraulic cyvclon's FHumohr:v spirils, hror-shaped automatic
l~und *rs, slim: tables, :l:ctrostatic s:p r2tors, magnitic saprrators,
no-ri2dia grindirz mrchinzs, ~te. For oxampl:, at 2 certoin 2lluvial
tin rin:, th: av:rag: r:dovery ratz has bpen raisad 147 throush th:
us: of spiril s:parators in th: place of the origin-l l-undors. For
the milling op:rations of 1 cartain load-zine mine, hydraulic cyclon:s
wer2 usad to ~id rcgrinding of v-orious middlings with th2 rosult that

2Joovery *as raisad 1-2 7, With rogard to metallurgy, by using fuming
furnacis to volatiliz: lead-zinc or: dir:@ctly, the ls~d-zinc volatiliza-
tion rat:z can r:ach 90%,

(¢) Th:rz hes baen 2 davalopment of flotition 230nts -— Investiza-
ticns on the manufactur: of flotation 2gorts wier: m~ds on the basis of
utilization of indizonous raw matorisls, low production costs, »nd high
officiznecy. "Fith regard to mrking "y:llow ncid salts," we omployad
th: m2thod of not using 2 diluting 23g3nt =nd inste-d produc:d a dir:ct
formation through vigorous stirring and low t:emo:ratur: conditions;
products c¢in b: dir:ctly us:d without und:rgoing dryinz. A low solidi-
fic~tion point fatty acid mrdz from soybcan oil as raw materi:l is viry
suit:bl: for us: in or: dr2ssing plants located in cold regions. The
fatty 2cid m-do from soyb:ian oil cin be mrde into 7 furthor product, 3
sulfurized sop of fatty acid, which has thoe special charactoristics
of strong ~dsorption or coll:ction pron:rtizs and thercfore low con-
sumption; this nroduct is c-rticul~rly good =hon the water used is hard,
If this reagznt woer> usad to floot fluorits in h-rd wator, th: fluorite
racovery rat: ¢ raach 927, or 79 hish:r than rocovarics obtainad
through r-~zents proviously usad. Throntht th: usce of an oxidizod
ac tart: fatty 2c¢id and oxidizad rosin soam to flonat homatitz, racovery
of iron c-n r:ach 909,

(d) Thzr2 h2s b2:n 1n improviment of production flowsh:2ts and
sm2lting -nd r>fining m:thods -- Much work h2s bazn donc 2lon7y thuse
lin:s. For >xampl:, th: usc of sodinm sul®id: in b:nafici-ting 2
mix:d cooper molybdenum (ernd:) cone:ntrate onabled the racovory of
97-98% of thc conpir, 92-937 of th: molybdznum, -nd 93-94° of tha
cobalt., Throush mploying 7 combin~tion flowsh2:t of flot~tion and
ammonia bath on difficult-to-biunoficiate oxidized coppar ors, copp:r
racov:ry was riisad about 30% ov:r that achi:ved with simple flotation.
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In sm:lting 'nd r:fining, by improving sm2lting procodur:s in blast
furn~c: op:rations, th: r:cov:i:ry in crud: 1:-d h-»s trison from tho 90.9%
in 1952 to $% ' 1t nras°nt. By irprovinz th: quility of th2 charg: nd
»=isirn: thz ternorature in the distill-tion rotorts in th: top, niddlec,
~1d hotton sictions, production from zine r:torts h2s b::n incr.:-s:d
LC " ov.r th: origincl disimn2d capreity and the zinc contont of the
r>siduc has bzion lower:d from 6~87 to 1.57.

In thz :leetrolysis of ~luminum, on thc baisis of learning the Soviot
m:>thod of loworing tho proportion of sodium fluorid: nd ~luminun fluo-
idz, w> stndiad the 2ffict of ~dditiv: a72nts on :l.ctrolyt:s. By
using m~ mosiwr fluorid: in th2 ploc2 of c~lcium fluoridc -s tho ~ddi-
tiv: »- nt, th: melting peint of th: 2lzctrolyt: can b: substanti-lly
r:duc:d. Py mhking improv:ori:nts on the »lectrolyto--raisingy th: cloce-
tric currant d:nsity fror 0.977 =rmpor: oor squars o to 1.05 2mooro--
th> tomoorntur: of th: l:ctrolyt: bieomz slightly lor:r ~nd tho cur-
ront :ffici:ncv wis rris:d 2-37. Asid2 from loreoring th: melting peint
of th~ :lectrolwt:, tha addition of m~inzsium ‘lucorid: h:lps to soepar-te
th2 carbon residu: so that th: consumntion of ~luminum fluorid: is ro-
duc:d ? :ilorroms p r motriz ton of 2luminur ond th: 2ction of th:
:l:ctric current is batior stabhilized. Another tochnic-l daov:lopment
in th> ‘l:ctrolysis of 21luninur is that w2 hav: ~n op:rational = thod
wrich substanti~lly »limin-:tzs th: nod: phienom:non (r:duced from the
provious 1.5 o l2ss than 0.03, and in scm:» 2l-ctric c:1lls th: node
ohomomnen is complatoly :liminzted). As 2 roesult of -11 thos: im-
nrovmonts, th: wortzs reduction in voltyz is sbout 0,15 velt with
corr:sponding lor.ring of -1 :.ctric 2norgy consmmotion. tlor: inportant,
th: >ffici ncy of th: mercury roctifisrs has beoen roisad; for the
pl-nts in >xist-ac:, » §7 iner:as: in tha 2loctric cells dozs not
r2quir: inst2ll-=tion of -ddition~l roctifiors.

8]

C. Iners=s2 Prodact Veorictr and Roisz Munlity

A

In 1952 »ur country's Iinistry of H.2vy Tndustry form2lly pro-
clrim:d stond~>rds for s>von citogorics of 21loy stocl ~nd r:l-t:d »rod-
acts, which tet-lad 159 21lev st:2l it:ms. Th: st nd-rds issu:d wer:
bas :d upon Sovi:t stondords; th: tvpes of -llov st:cl listed include
prirerily nic«<-l-caromc st2:1 items., In th: carly y22ars of dov.lopment,
in ordcr to l:arn from Soviot oxperisnce in the 2isizst nonnor -nd
unify tochnic~l s»:cifie-~tions, w2 sHursucd this policy of copying Soviot
stondards, which prov:d to b: 2ntir-ly corr:ct with r:g°rd to 2tt~ining
th. obj:ctiv: of r-pid industri-l d:velepment. At th: s m2e time, o
r:71liz> that our nick:l ~nd chrom> r:sourc:s must b2 furth:'r d:ov.olopad;
1s st2°1 »roduction ris:s nd »roduct vari:sty incr2-s-s, w> hawv: to
zstablish ~» n»r alloy st:21 systom suitabl: to our country's ovn rin-
ro1 r2ssurc:s. Th:r:for:, in 1953 72 b:gan raszarch on nickel-chrome
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substitute alloy stz:2l products. During 1957-38, the Ministry of
¥Fztallurgical Industry, the China Achdomy of Sciocnez, and the First
Ministry of Machinc Industry on thr:: oceasions c2112d spocial mect-
ings to discu:s problams r2lated to substituting othor matels for
rick:l Ind chromium in th» miking of alloy stacols, 2nd greatly pushad
the invistigrtions along thes: lin2s. In 1958, drawinz from conclu-
sions 2nd oxporicncas bisad upon th: preduction and utilization of
alloy stesl in our countty during reeent ysars ind learning from the
rdvancad axpariznce of th: Sovi:t nion 2nd tha Damocratic Republie
of Germany, w2 first d2t:rmined {ndividual systams for spacinl stz:ls
and finally, through consid:ring the rosourc»s in our country, :s-
tiblishod 2 nor int:gratad ovir-all 2lloy stacl systam. In the now
systar, w:» standardized 246 itams of alloy steol products, divided
tomporarily into nin: main catagorizs: alloy structurc stzcl, low-
alloy high strangth stcel, alloy tool st:el, high spred tool stzel,
rust and 2cid rasistant stesl, hzat resistant ind non-p:3ling stezl
and :1l:zctric heat stecl, low 21loy steel rails, ball bearings, °nd
sh~ft and bzaarings st22l, and spring stezl.

In racent yoars, w2 have m=2d2 a numbzr of now stoz2l products on an
axp:rimantal bisis which contain ¢ithir no nick:l 2nd chromium or have
rcducad amounts of nickal and chromium, including more than ton it:oms
within the 3bovs described ninze categorises that have already been placed
in production. Th: d2valopment of tha vorious cat:gorizs of alloy stacl
products in our country is described roushly 2s follows:

1., Alloy structurc stz:l -- In the new draft plans on stndard
itoms, ther: is no nick:l alloy structure stezl. In making machinery
in the past, so>voen types of chromium 2nd nickel-chrome stecls that have
bacn us2d to a great oxtent have b::n substituted by manganesce ste:l,
silicon-mantanzs: steel, manganasa-vanndium stacl, boron sta:l, cte.,
so 1s to sav: chromium °nd nickzl.

2. Low-2llcy hisgh strangth st22l —- In the now draft plans on
st nd2rd it ms, th:re arz2 thirt:an steals bzlonging te tha2 low-2lloy
high strangth category that oprimarily uss mangines:, silicon, 2te.,
as th: moin 2lloying 2lamints; som2 sp:ucinl typies of stecl in this
catogory “1so contain copper, 2luminum, 2nd titanium 2s alloying clo-
mants,

3. Alloy teol sto2l -- Wa have daveloped now itoms containing
r2lativ:ly 1ittl: nickel, no chromium, ~nd primrrily silicon and manga-
nes:. For oxampl:z, we usad 603iknV teo substitute in part for the uscs
of 55CrNitio; also, in high specd ste»l woe added silicon or molybdenum
so 28 to save some chromium,
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L. Ball bearing sta:l -- The usz of carbon stecls has been
push:d. For exampl:, w2 arc employing 18Cr¥nTi, 20CrMnMo. ~nd other
2lloys for making rolativaly hish quility bzaring and shaft steols.
Wy are 2lso studying oroes:ntly uscd st::l products of this category
ns to how tn roduce the proportion of chromium and instcead usc alloy-
ing eleomsnts 1lik2 silicon, manganasz, 2te.

5. Rust-proof stecl -~ Th2 main objective is to sava nickel and
th: measurzs takzn are alonz thz following thr:: lines: (2) incroensa
product vari:ty and graatar utiligation of "iron :1l:m2nt body" rust-
nroof st::1ls; (b) push the us: of rust-proof st::ls of tha MAo-ssu
bod+" type which contain rieduced mounts of nickel or no nickal, 1s
for 2xompl: the 2xpandad usc of CreMn-N "Ao-ssu body" steols; (c) in-
craase th> production and utilization of "fu-ho" st:21 plates.

6. H:at risistant stesls -- (a) Devolopment of the "iron -lement

bodv" and "p=°r1 light body" typ:s of hzat risistant sta2ls with a
viow to improving thzir h2at rasistont qualiti:s has b2zn promotod.
For :xampl:, we mad: appropriata chanegss on th: 120r¥oV stocl, in-
cluding adding other alloying 2l:ments, and w2 m2dz 2 new heat rosist-
ant ste:l which at 1 temperatur: of 580°C and 2 load of 35 kilograms
p:r squ r: mm can withstand broakaze for mor: than 700 hours. (b) To
save chromium, w2 studi»d the possibility of coating hard chromium on
low carbon tungsten-crhome-vanadium stz21l as a substitutz for 1Crl3 =s
1 mrtorial for miking steam turbine bledos. (c) Nevalopad new haat
rasistant sarics of stzzl, as for oxamplz rascarch on tha thres clo-

onts of Fi:=7=Si. (d) Improved th: prop:artics of th: Cr-lin-C-" "yo-ssu
body" tvp: of heat rosistant stesls, zspacially with roegerd to brittl:-
nass at high tomparatur:s.

7. Mon-pzeling steael and 2l:ctric hoeat alloy stezl -- Bliminated
th: scrics on high nickel ste2ls, °nd introduczd a2 scriss of products
containing zl:m:nts liko aluminum, silicon, titanium, chromium, ctc.
*n the foundation of the F2-Cr-Al clcctric heat alloys, investigations
ara mxd: on using Tao-Al as =2 basc but roducing or ¢liminating the
chromium componcnt in making bettor haat resistant alloys.

Und:r the 122p forward production conditions in our country where
new output pot:ntinls ars steadily being developad, th:e probliom of
m2int2ining ind improving product quality is complic-ated and difficult,
To adjust to thas> conditions, tho metallurzical work:rs in our country,
2v r sine2 the bzginning of the First Fiva-Yoor Plan period, have made
specinl 2fforts to devalop mor: favorable circumstanc:s to cop: with
tha nrobl:m, For aexample, the techniquas roelated to detarmining the
gis and impurity contonts of stec2ls are mostered and, in fact, im-
provad; changas in hydrogen cont:nt of stezls during the various pro-
duction stazes are being batter undarstood; and improvaments are maide

-13-




in nalytical an? inspaction m:thods with rag=rd to stecls ~nd furnace
residuss. With re3ird to the problum of hydrog:n contont of steols,
systamnrtic investizations have b2:n mid:z to trac: the snurce of hydro-
o in th: varinus sta72s of productiorn »nd th: distribution of hydro-~
~“:n in thz st:21 ingots; nov sprcifications on th: hydrogon content

of st2:ls wors formulatoed. Results of invistigations show that the
procass of solidification h2s a datermining influcnce on the hydrogen
content of th: ste:l ingot, and the distribution of hydrogen in the
"rocedint fir:" /t'uci-huo/ steel ingot, asid: from following the prin-
cipl: of dispersion, will 2lso bs affzctad by the compactnoss of tha
intornal port of tha stecl ingot

In th2 investigotiens on reducing drletsrious elioments in large
size "boiling" ste2l ingots, ws developad 2 method contrary to the
traoditional. Th2 mothod involvaes the blowing in of oxygen or com-
prassed 2ir 2t the head part of th: not yot solidificzd stocl irgot to
int:nsify the boiling action so as to remov: 2 lirge proportion of the
sulfur, phosphorus, and carbon; r:sults ichisved by this mathod are
much botter than thos:e by th: method of deprassing "boiling" cf stoel
ingots. As for thz source of oxygzen which scrv.s to oxidize the da-
1sterious clements in the steel ingot "boiling" op:rations, investiga-
tion risults prov: that what pzople formerly thought--that 70% of the
oxyzzn com:s from th: air -- is basically corroct.

In >2l3ctric furnac: smaelting operations, tha m:thod of first rid-
ding oxvgen and thon moking reduced slag -- 2n int:grated oxygen ro-
mov2l mothod -- has b:an furthar davilep:d in our country. As appliod
to th: smelting nd rofining of ball berring stael, this method has
cut thz impuriti:s in h3lf while shortening the reducing poarind to
1:ss than 50 minutes. TInvestizations on the us: of carbid: to directly
mak: the raduc:d slag orov: th:t as long =2s the calcium carbidz contznt
is satisfactory ~nd a2 ™vhitz slaz" is issured during the raducing stage,
the furnac. slat or r:siduz containing calcium corbidz will not, 1like
som2 rascarch work has indic-tzd, :nt:r into th: sto2l solution or m2lt
and c¢:n, in ~ddition, hav: 3 strong 2ffect on sulfur reomeoval,

Studizs on tha problem of lines daveloping in ~21loy stz:ls have
h:lpad us und:rstand thz charactaristics of thes: linss or cr-cks nd
tha conditions under which they are forma:d. In linc with tha »roduc-
tion conditions in our country, improvim:nts have been made in methods
of oxyzen rimoval, shape of ingot dies, nd further processing pro-
codurss; s 7 rasult, the problam of lings developing in cortoin 21loy
structurz st2cl has :ntir:ly baen solved. By introducing n s:rizs of
me2suras, such s blowing in of oxyg:n in smelting and refining, in-
proving roducing or raeduction op:rations, adding titonium-iron before
stcel is turnad out, raising the tamperature of producing stecl ~nd
th: casting tomporature when possible, enlarging the forms for stecl
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ingots, and raducing thickness of th: forms, the lin:s in hizh chromium
non-rust st22l can b: sreatly raducad »nd the r~tio of stezl materials
mde according to sp:cifications c2n riach more than 90%. The rssults
nf invastisgations 1so point out that, for high chromium non-rust stecl
r:finzd and c2st und.r vacuwn conditions of 30 mm m:rcury nroessur: or
1:ss, the lin2s can b2 :ntir:ly climinated,

Ragirding the problsm of finz crystils formed in hith 21loy stoals,
the ~ddition of small quantitizs of titanium to iron-chromiun->luminum
alloys vory cliaarly improves thz crystal formotion phianomenon of the
inints and graatly raduces cracking in hot tomporing. At the sme time,
th: aluminum contont of th:2 abov: doscribed alloy is roisad and whan
the 21lloy is drawm inte wire th» racovery in finishod products can 1t-
tain mar: than 60%; the alloy whon tosted for ®life® und:r standard
conditions can maintain its strength at 1,170°C for mor: than 200 hours.
With r:gard to rust-proof heat rasistant stosl, mothods to improve the
consistmev of the st22l inzots in terms of fincniss and homo-en:ity
o»f th2 crystals includ: :mmlnying 3 "yin-yu" agent, adding of roro
aarth 21lovs or rar: 2arth oxi‘izad materials, and th» usa of the vi-
breting cisting method. For cxamnl:, w2 trizd to eliminat: or raduce
unsystomnatic crystnallization in 18Cr¥iV ste:1l. The us: of sup:rsonic
t:chniqu:s has b:en start:d; not long ago 2 large scalz supersonic
vibrating install-tion (50 kilowatts and 20,000 frequoncy) was made on
a2 trisl basis in our country. Som: pr:liminary conclusions have boen
drawn from oxneriments in stoel olonts to make finer crystal ingots,
tn @limin-atz occlusions of zis in stezl, and to reduce carbonacecus
m~tirinls.

In silicon sh::t st22l, by using vocuum procaessing, vacuum cast-
ing, ~nd h:at application mathods, wa h~vzs made on a2 laboratory scale
basis 1 hot rolled silicon shz:t stecl of 0.35 mm thicknass which has
an iron loss of Py4 = 0,68 -~ 0.73 watt por kilogram. At th: samz time,
w2 have mads co}Q rolled silicon shoet stesl of 0,06 - 0,08 mm thick-
nass, which has a “ch'u-hsing~tu" /ch'u m:ins taks, hsiang means
diraction, and tu m2ans degr:a/ of 9L+ and 2 "two piak" ratio of 1.25
for the magnetic torqu: curv:, ork on th: abov: projzcts is bzaing
done on a larg:r scale so that thos: and other methods can be oventually
zmployed in nroduction.

Conv:rt:r st22l occupias an important position in our country.

W3 have 2dopted cutomatic rzcording and automatic control to improve
convartar op rations, 2speci2lly with rogard to product quality. Vari-
mus rose2rch units in our country hav: jointly conducted investigoations
on this subj:ct and hava formulnted 2nd madz on 2 trial besis a s:rics
of systxms and instruments, including the following itoms: (2} usc of
the ultra red radiation high tmporaturz instrument to d:termine and
auntomatically rocord flame and sta2l melt temperatur:s; (b) usc of the
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"doubl: color" high tomp:raturc instrument ind its "w" curva msthod
to detormine whaen to stop bleowing in 2ir or wind (control of end
noint of blowing "nd hish carbon storvpage »f wind); (¢) adopticn of
thr Fronch ""olum2 Dobitgravh® air or wind volume dztermination and
r:cording mathod (which -~1sn rocords ~ccurmlative 2ir quantity); (4d)
us: of 1 sup:rsonic "liquid surfac:" instrument and wind-pr:ssurce type
"1iquid surface" instrumapt on a comparative bisis to dz2termine the
"kang-shui ych-micn" /stcel water liquid surfac37; and (c) usc of 1l-
arnating current 2lactric bridge installation 3nd sacondary instrument
to 1utomatically rzcord the tipping angle of tha conv rtor, the ac-
curacy of which is £ 0.5°. Th: practical application of thas: control
syst>ms and instrur:nts ar: in th2 proc:ss of invastigation.

From thz ibove it is seen that the advance of matallurgical scicnee
and tachniques in our country during the last tzn years has been very
rapid and the achi:vements have bean great. Although the army of work-
¢rs in metallurgy are still ralatively young, they have 2lready suc-
cessfully issumoed the ri:gponsibilitiss of construction and development
assigned to them by the country and, at the sam: tims, achiavoed re-
sults of = revolutionary natur:. The main reason for this success is
the correct laadarship of the Party and the sup:riority of the socialist
system, The sincere 'nd unsclfish help given by brothar sociilist
countrics, particul-rly that given by the Sovict Union, is part of the
wholz pictur:.

Although we have achisved outstanding results during the last ten
y2ars, our work has 2 number of w22k sectors when viewed on the over-
2ll basis of metallurgy ~nd in some ficlds levels in our country are
still +t 31 d2finite distanc: bzhind thos: of advanced countries. We
b:licvz, howev:r, that undcr th2 corrsct lseadership of thoe Chincse
Communist Party and in lin: with the rapid progress of socialist con-
struction in genaral, the technological lovel of metallurgy in our
country will advancz further at a vary rapnid nacz so that on2 will
find, in the world treasurce hous: of sciencs and technology, mors nd
mor2 contributicns from our country.
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